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YUHGQRVW Ƹ݁ ͳ ൈ ͳ
âWHYLORGRPHQ ܰ ͳ ൈ ͳ
7UHQXWQLNRWLVWDQMDGRPHQ ࡰ ͳ ൈ ܰ
8WHåL ࢝ ͳ ൈ ܰ
9HNWRU]DSRUHGMDL]KRGQLK
UH]XOWDWRY ࢋො ͳ ൈ ܯ
9HNWRU]DSRUHGMDYKRGQLK
SRGDWNRY ࢞ෝ ͳ ൈ ܯ
9KRGQDYHOLþLQDWUHQXWQD
YUHGQRVW ݔො ͳ ൈ ͳ







3UL DYWRPDWL]DFLML SR]LFLRQLUQLK VLVWHPRY LJUDMR NOMXþQR YORJR GDMDOQLNL
SRORåDMDWRVRQDSUDYHNLPHULMROLQHDUQLSRPLNR]LURPDNRWQL]DVXNSUHPLþQLKGHORY




1DPHQ SULþXMRþHJD GHOD MH DQDOL]D SRMDYD KLVWHUH]H LQ QMHQLK SRVOHGLF QD
PHULWHY L]GHODYD PDWHPDWLþQHJD PRGHOD ]D VLPXODFLMR KLVWHUH]QHJD SRJUHãND QD
QLYRMXGDMDOQLNDQD]DGQMHSDãH LQWHJUDFLMDPRGHODY REOLNL DOJRULWPDNLRPRJRþD
NRPSHQ]DFLMR PHULOQHJD SRJUHãND Y UHDOQHP þDVX 6OHGL L]SHOMDYD NDOLEUDFLMH
SDUDPHWURYPRGHOD LQHNVSHULPHQWDOQDYHULILNDFLMDSUHGODJDQHJDNRPSHQ]DFLMVNHJD
SRVWRSND








9 GRNWRUVNHP GHOX VPR XSRUDELOL 6WRQHU:RKOIDUWKRYPRGHO NL RSLVXMH RGYLVQRVW
XVPHUMHQRVWLPDJQHWL]DFLMHPDJQHWQHGRPHQHRG]XQDQMHPDJQHWQHSROMVNHMDNRVWLLQ
DQL]RWURSLMH±L]UDåHQRVWLRVLODåMHPDJQHWL]DFLMHWHU]QMLPRSLVDOLSRVDPH]QHRGVHNH
WLSDOD0RGHO VPR QDWR UD]ãLULOL QD FHORWQR WLSDOR WHU L]YHGOL VLPXODFLMR FHORVWQHJD
RG]LYD VHVWDYD REPRþLM NL VR JOHGH QD SURVWRUVNR UD]SRUHGLWHY L]SRVWDYOMHQD




9 QDGDOMHYDQMX MH SUHGVWDYOMHQR ãLUãH SRGURþMH PDWHPDWLþQHJD PRGHOLUDQMD
KLVWHUH]H8JRWRYLWYHQDPVNXSDM]UD]XPHYDQMHPIL]LNDOQHJDGRJDMDQMDYPDWHULDOX
SRPDJDMR SUL NRQVWUXNFLML ODVWQHJDPRGHOD QD SRGODJL ED]QH IXQNFLMH ªGRPHQD© L]
GUXåLQH IXQNFLM SOD\ 9SOLY KLVWHUH]H UDþXQDPR V SRPRþMR XWHåHQH YVRWH VWDQM
SRVDPH]QLK GRPHQ LQ ] XVWUH]QLPL SULODJRGLWYDPL ]D GDQH YKRGQH SDUDPHWUH LQ
SHULRGLþQRVWUDþXQDQHYHOLþLQH±NRWD]QRWUDMPDJQHWQHJDSROD0RGHOMHSUHL]NXãHQV
NYDOLWDWLYQRSULPHUMDYR]PHULWYDPLSULL]EUDQLKSDUDPHWULK
3UHGODJDQ MH SRVWRSHN ]D PHULWHY V SRPRþMR NDWHUHJD SULGRELPR KLVWHUH]QH
SDUDPHWUHGDQHJD WLSDOD REGDQLKRNROLãþLQDKPHULWYH WLSDOQL UD]GDOML WHPSHUDWXUL




DOJRULWPD MH UD]YLWD NULWHULMVND IXQNFLMD ]D L]UDþXQ XVWUH]QHJD ND]DOQLND 30+
SRJUHãHNPHULWYHGDMDOQLND]DUDGLKLVWHUH]H
0RGHO0='VPRLPSOHPHQWLUDOLYSURJUDPVNRRSUHPRGDMDOQLNDLQJDXSRUDELOL
]D NRPSHQ]DFLMR KLVWHUH]H $OJRULWHP VPR SUHL]NXVLOL QD VNXSLQL WHVWQLK Y]RUFHY
UD]QRYUVWQLK PDJQHWRXSRURYQLK WLSDO 8JRWRYOMHQR MH ELOR GR  ]PDQMãDQMH
SRJUHãND]DUDGLKLVWHUH]HREXVWUH]QLXSRUDELNRPSHQ]DFLMVNHJDSRVWRSND3ULWHPVH
GHORYQL FLNHO GDMDOQLND QL ELVWYHQR SRGDOMãDO 6 WHP VPR SRWUGLOL XSRUDEQRVW










ZKLFKPHDVXUHV WKH OLQHDUPRYHPHQW RU DQJXODU URWDWLRQ RI WKHPRYLQJ SDUWV7KH
GHPDQGVIRUDFFXUDF\UHSHDWDELOLW\DQGUREXVWQHVVLQFUHDVHUDSLGO\DVWKHWHFKQRORJ\
LVSURJUHVVLQJ(QFRGHUVZLWKHPEHGGHGDQLVRWURSLFPDJQHWRUHVLVWLYH VHQVRUVDUH D






D FDOLEUDWLRQ URXWLQH IRU PRGHO SDUDPHWHUV DQG H[SHULPHQWDOO\ YHULI\ WKH RYHUDOO
DOJRULWKP




RI WKH HQFRGHU $05 HIIHFW LV H[SODLQHG WKURXJK WKH VSLQRUELW LQWHUDFWLRQ RI WKH
YDOHQFH HOHFWURQV LQ QLFNHO DQG LURQ PDLQ WZR LQJUHGLHQWV LQ VHQVLQJ PDWHULDO
SHUPDOOR\ 7KH ODWWHU LV XVXDOO\ GHSRVLWHG RQ D VLOLFRQ ZDIHU WKRURXJK
SKRWROLWKRJUDSKLF WHFKQLTXH ,WV WKLQILOP VWUXFWXUH DOORZV XV WR DSSUR[LPDWH LWV
PDJQHWLFSURSHUWLHVZLWKDVLQJOHPDJQHWLFGRPDLQ7KH6WRQHU:RKOIDUWKPRGHOZDV











+\VWHUHVLV HIIHFW LV FDOFXODWHG DV D ZHLJKWHG VXP RI VWDWHV RI GRPDLQV 6RPH
DGDSWDWLRQVPXVW EH LQWURGXFHG GXH WR WKH SHULRGLF QDWXUH RI WKH LQSXW DQG RXWSXW
TXDQWLW\DVZHDUHPHDVXULQJWKHSRVLWLRQZLWKLQDPDJQHWLFSHULRG7KHUHVXOWVRIWKH
VLPXODWLRQZHUH TXDOLWDWLYHO\ FRPSDUHG WR WKHPHDVXUHPHQWV 7KHPRGHOZDV WKXV
YHULILHGIRUWKHFKRVHQVHWRISDUDPHWHUV
:H KDYH SURSRVHG D URXWLQH WKURXJK ZKLFK RQH LV DEOH WR PHDVXUH WKH
SDUDPHWHUV RI WKH K\VWHUHVLV RI D VHQVRU XQGHU JLYHQ FLUFXPVWDQFHV ULGH KHLJKW
WHPSHUDWXUH WKH VWUHQJWK RI WKH DFWXDWRU« 7KH PHDVXUHG SDUDPHWHUV DUH WKHQ






IRU K\VWHUHVLV HUURU FRPSHQVDWLRQ 7KH DOJRULWKP ZDV WHVWHG RQ D JURXS RI
















$QDOL]H >@ >@ QHGDYQHJD UD]YRMD LQGXVWULMH QDSRYHGXMHMR GD ERPR WXGL Y
SULKDMDMRþHP GHVHWOHWMX SULþD UDVWL WUJD PDJQHWQLK GDMDOQLNRY âH SRVHEHM VH ER
SRYHþDOD XSRUDED PDJQHWRXSRURYQLK WHKQRORJLM N þHPHU ER ]ODVWL SULVSHYDOD UDVW









V SRPRþMR NRPSHQ]DFLMH SRJUHãND KLVWHUH]H 9 WD QDPHQ MH SRWUHEQR RURGMH ]D
SUHGYLGHYDQMH YSOLYD KLVWHUH]H QD PHULOQL UH]XOWDW SUL GDQHP JLEDQMX GDMDOQLND
$OJRULWHP PRUD ELWL UDþXQVNR GRYROM HQRVWDYHQ GD ODKNR WHþH Y UHDOQHP þDVX QD
PLNURNUPLOQLNXYVDPHPYJUDGQHPVLVWHPXWHUSULWHPQHYQDãDELVWYHQLK]DNDVQLWHY
9 SULþXMRþHP GHOX VPR QDMSUHM SUHGVWDYLOL NRQFHSW LQGLUHNWQHJD PHUMHQMD






DOJRULWHP ]D VSURWQR NRPSHQ]DFLMR SRJUHãND SUHGVWDYLOL SRVWRSHN ]D XPHUMDQMH






.OMXþQL HOHPHQW YVDNHJD VLVWHPD ]D QDG]RU JLEDQMD DOL SRORåDMD MH PHULOQLN
UHJXOLUDQHYHOLþLQH=YLãDQMHPVWRSQMHDYWRPDWL]DFLMH LQGXVWULMHVNXSDM]UDVWRþLPL
]DKWHYDPLSR WRþQRVWL DSOLNDFLM WDNR UDVWH WXGLSRWUHEDSRYLVRNRWRþQLK UREXVWQLK
]DQHVOMLYLKLQFHQRYQRGRVWRSQLKGDMDOQLNLKSRORåDMD
1DSRGURþMXOLQHDUQLKLQURWDFLMVNLKDSOLNDFLMVHSRJRVWRXSRUDEOMDMRGDMDOQLNLQD
NDSDFLWLYQL LQGXNWLYQL RSWLþQL DOL PHKDQVNL SULQFLS L]VWRSD SD WXGL XSRUDED
PDJQHWQLKGDMDOQLNRYVDM LPDMRQHNDM L]UD]LWLKSUHGQRVWL/DKNRGHOXMHMRY L]UHGQR
QHSULMD]QLKRNROMLKNLYNOMXþXMHMRXPD]DQLMRNHPLNDOLMHSUDKWHPSHUDWXUQDQLKDQMD
LQ YLEUDFLMH >@1RVLOHF LQIRUPDFLMH R SRORåDMXPHUMHQFD MHPDJQHWQR SROMH NL JD
GRORþD PDJQHWQL WUDN REURþ DOL GUXJ YLU 3ROMH PHUL PHULOQD JODYD V WLSDORP
REþXWOMLYLP QD PDJQHWQR SROMH NL QD SRGODJL PHULWYH GRORþL VYRMR OHJR JOHGH QD
PDJQHWQLQRVLOHFLQVWHPSRORåDMPHUMHQFDNRWSULND]XMHVOLND

9 SULþXMRþHP GHOX VPR VH RVUHGRWRþLOL QD PDJQHWQH OLQHDUQH LQ URWDFLMVNH
NRGLUQLNHSULNDWHULKQRVLOHFLQIRUPDFLMHJHQHULUDPDJQHWQRSROMHVSUHPHQOMLYHVPHUL
9HþLQRPDJUH]DPDJQHWQHWUDNRYH]L]PHQLþQRQDPDJQHWHQLPLSROLQDGNDWHULPLVH









NRPXQLNDFLMR0DJQHWQL YLU MH SRJRVWR L]YHGHQ Y REOLNL HODVWRIHULWQHJD OLQHDUQHJD
WUDNXQD WRJLNRYLQVNLSRGORJL NL MH L]PHQLþQRPDJQHWL]LUDQY VPHUL Y R]LURPD L]
UDYQLQH WUDNX VOLND0DJQHWQLSUHWRN NL JD SRY]URþD UHPDQHQWQLPDJQHWL]HP
HODVWRIHULWD VH ]DNOMXþXMH PHG VRVHGQMLPL PDJQHWQLPL SROL NRW SULND]XMH UH]XOWDW
QXPHULþQHVLPXODFLMHSROMDQDVOLNL2SD]LPRGDVHQDSROMXEQLILNVQLYLãLQLQDG
















QDYLGH]QRYUWHOR VYRMR VPHUY[] UDYQLQL1D VOLNL  WR VPHUR]QDþXMHNRWĮ NL
QDUDãþD RG  GR  NR þLWDOQD JODYD SUHSRWXMH GROåLQR PP R] HQHPDJQHWQH
SHULRGH HQDþED  ,]NDåH VH GD MH DPSOLWXGD ȁܤሬԦȁ QD ILNVQL YLãLQL SULEOLåQR
NRQVWDQWQDNRWSRWUMXMHUH]XOWDWQXPHULþQHVLPXODFLMHVVOLNH2ESR]QDYDQMXVPHUL
PDJQHWQHJDSROMDWRUHMODKNRGRORþLPROHJRþLWDOQHJODYHJOHGHQDPDJQHWQLSRO





VH GD V SUDYLOQR SRVWDYLWYLMRPDJQHWRXSRURYLK HOHPHQWRY Y SROMH QDGPDJQHWQLP
WUDNRPODKNRGRVHåHPRRG]LYVLQXVQHREOLNHJOHGHQD[NRRUGLQDWRR]LURPDY]GROåQL
SRPLNWUDNXJOHGHQDJODYR=DQDSHWRVWQDSULNOMXþQLVSRQNL ௦ܷWRUHMYHOMD


























ãWHYLOR SUHYRåHQLK SHULRG WHU ILQH DEVROXWQH SR]LFLMH ]QRWUDM SHULRGH Y NDWHUL VH
WUHQXWQR QDKDMDPR 1D WD QDþLQ GRELPR WDNR LPHQRYDQL LQNUHPHQWDOQL GDMDOQLN




= PHUMHQMHP PDJQHWQHJD SROMD VH þORYHãWYR XNYDUMD åH YVH RG RGNULWMD
XSRUDEQRVWL NRPSDVD'DQHV MHQDMEROM UD]ãLUMHQR WLSDOR ]D ]D]QDYDQMHPDJQHWQHJD
SROMD +DOORY VHQ]RU SUL NDWHUHP /RUHQW]RYH VLOH SRY]URþLMR RGNORQ HOHNWULþQLK





VH YVH EROM XSRUDEOMDMR WLSDOD QD SULQFLS PDJQHWRXSRUQRVWL ± WDNR LPHQRYDQL 05
VHQ]RUML>@
0DJQHWRXSRUQRVW DQJ PDJQHWRUHVLVWDQFH MH ODVWQRVW QHNDWHULK PDWHULDORY
R]LURPDVWUXNWXUGDVHQMLKRYDXSRUQRVWVSUHPHQLSRGYSOLYRPPDJQHWQHJDSROMDýH
WHVSUHPHPEHXSRUQRVWLPHULPRODKNRSULGRELPRLQIRUPDFLMRRPDJQHWQHPSROMXLQ
MLK WRUHM XSRUDELPR NRW VHQ]RUMH 3R]QDPR WLSDOD QD DQL]RWURSQLPDJQHWRXSRURYQL














1L)H1L&R LQ1L)H&R >@±>@1DMSRJRVWHMãLPDWHULDO ]D L]GHODYR$05 WLSDO MH
SHUPDORM ± ]OLWLQD 1L)H Y UD]PHUMX SULEOLåQR  ,]ND]XMH SULEOLåQR 
VSUHPHPERXSRUQRVWLY]URNH]DWRSDQDMGHPRYDWRPVNL]JUDGELHOHPHQWRY>@
2ELþDMQR VH PDWHULDO XSRUDEOMD Y REOLNL WDQNHJD ILOPD NL JD QDQDãDPR V






















1L>$U@V ՛՝ G ՛՝  ՛՝  ՛՝  ՛  ՛ 







































XSRUQRVWPDWHULDOD ORQJLWXGLQDOQRJOHGH QD VPHUPDJQHWL]DFLMH YHþMD RG VSHFLILþQH
XSRUQRVWLSUHþQRQDPDJQHWL]DFLMR5D]PHUMHPHGWRNRPHOHNWURQRYVVSLQRPJRULQ
WLVWLKVVSLQRPGROMHELVWYHQHJDSRPHQD]DDQL]RWURSLMR>@















































DEVROXWQH YUHGQRVWL ]XQDQMH PDJQHWQH SROMVNH MDNRVWL NL SRY]URþD PDJQHWL]DFLMR
2GYLVQRVW VSUHPHPEH VSHFLILþQH XSRUQRVWL PDWHULDOD Ɂɏ QRUPLUDQH JOHGH QD
PDNVLPDOQR PRåQR VSUHPHPER NRW SRVOHGLFR $05 HIHNWD ȟɏ RG GDQH JRVWRWH
PDJQHWQHJDSUHWRNDYVPHULSUDYRNRWQRQDWRNୄSULND]XMHVOLND2SD]LPRGD
ODKNR $05 RG]LY UD]GHOLPR QD GYH REPRþML 3UYR MH WDNR LPHQRYDQR REPRþMH
QDVLþHQMDNLVHY]SRVWDYLNDGDUMH]XQDQMHPDJQHWQRSROMHGRYROMPRþQRGDSRYVHP







ܯሬሬԦ ൌ ሺܯ  ߙଵ ǡܯ ߙଶ ǡܯ  ߙଷሻǡ 
NMHUNRVLQXVLNRWRYߙଵǡ ߙଶLQߙଷSRPHQLMRSURMHNFLMHQDWULRVQRYQHNULVWDORJUDIVNHRVL
9VWDYLPRYHQDþERLQXJRWRYLPR
ܧሬԦ ൌ ߩܬԦ ൌ ߩ൫ܯሬሬԦ൯ܬԦ ൌ ߩ൫ܯሬሬԦ൯ܬԦ ൌ ߩ ቀሺ ߙଵ ǡ  ߙଶ ǡ  ߙଷሻᇣᇧᇧᇧᇧᇧᇧᇤᇧᇧᇧᇧᇧᇧᇥቁ
ఈሬሬԦ
ܬԦ ൌ ߩሺߙԦሻܬԦǤ 
7RUHMMHWHQ]RUVSHFLILþQHXSRUQRVWLRGYLVHQ]JROMRGߙԦ=XSRãWHYDQMHPNULVWDOQH
VLPHWULMH JD ODKNR SRHQRVWDYLPR UD]YLMHPR Y YUVWR LQ UD]GHOLPR QD VLPHWULþQL LQ
DVLPHWULþQL GHO 3RGUREQD L]SHOMDYD MH L]YHGHQD Y GHOLK >@ >@ >@ >@±>@
YNOMXþXMH SD XSRUDER 2QVDJHUMHYH WHRULMH LUHYHU]LELOQH WHUPRGLQDPLNH >@ >@
1HXPDQQRYHJDSULQFLSDLQ'|ULQJRYHIRUPXOH>@
5H]XOWDWODKNR ]DSLãHPRYYHNWRUVNLREOLNL





NMHUȟߩ ൌ ߩצ െ ߩୄ7UHWMLþOHQRSLVXMHXSRUQRVW]DUDGL+DOORYHJDHIHNWDLQQHSULVSHYD
NMRXOVNLPL]JXEDPYPDWHULDOX
=DSRHQRVWDYOMHQSULPHUNRODKNRPDJQHWQRSROMHREUDYQDYDPRYVDPRGYHK
GLPHQ]LMDK ODKNR WHQ]RU PDJQHWQH XSRUQRVWL GRGDWQR SRHQRVWDYLPR LQ ]DSLãHPR
RGYLVQRVWXSRUQRVWLRGRULHQWDFLMHYHNWRUMDPDJQHWL]DFLMHJOHGHQDWRNRYQRJRVWRWR
ߩሺߙሻ ൌ ߩୄ ଶ ߙ ൅ߩצ ଶ ߙǡ 
NMHUMHߙUDYQLQVNLNRWPHGܯሬሬԦLQܬԦJOHMVNLFRQDVOLNL2GYLVQRVWODKNR]DSLãHPR
WXGLYREOLNL9RLJW7KRPVRQRYHIRUPXOH
ߩሺߙሻ ൌ ߩୄ ൅ ȟߩ ଶ ߙǤ 
.HUSRJRVWRPDWHULDOXYVLOLPRPDJQHWL]DFLMRYVPHULWRNDߙ ൌ ͲLQWRUHMYHOMD
ܴሺܪ ൌ Ͳሻ ൌ ܴצǡ 
ODKNRHQDþER]DSLãHPRWXGLYREOLNL

















(QDþER ODKNR ]DSLãHPR WXGL Y REOLNL QRUPLUDQL JOHGH QD YUHGQRVW JRVWRWH
PDJQHWQHJDSUHWRNDSULNDWHULSULGHGRQDVLþHQMD3UHGSRVWDYLPRPDJQHWQRSROMHY

















NMHU MH ܭ NRQVWDQWD QDVLþHQMD ȟߩ PDNVLPDOQD VSUHPHPED VSHFLILþQH XSRUQRVWL
NDNUãQD VH SRMDYL SUL ܤ ب ܤ௡௔௦௜«௘௡௝௔ ܤ௡௔௦௜«௘௡௝௔DEVROXWQD YUHGQRVW SROMD NMHU
VSUHPHPED VSHFLILþQH XSRUQRVWL GRVHåH  ȟߩ WHU Ɂߩ WUHQXWQD VSUHPHPED
VSHFLILþQHXSRUQRVWLRGYLVQDRGWUHQXWQHYUHGQRVWLPDJQHWQHJDSROMD
6SUHPHPERVSHFLILþQHXSRUQRVWLQDWRL]UDþXQDPRNRW




7LSDOD QD SULQFLS DQL]RWURSQH PDJQHWRXSRUQRVWL SRQXMDMR UHãLWHY ]D PQRJH
DSOLNDFLMH >@ >@ >@ 9 LQGXVWULML GDMDOQLNRY SRPLND LQ ]DVXND VR SRJRVWR
XSRUDEOMHQLYNRPELQDFLML]L]PHQLþQRQDPDJQHWHQLPHODVWRIHULWQLPWUDNRPNRWVPR
RSLVDOLYSRJODYMX
3ROMH WUDNX MH QD QL]NLK EUDOQLK UD]GDOMDK GRYROM PRþQR GD WLSDOR GHOXMH Y
REPRþMXQDVLþHQMD0DJQHWL]DFLMDPDWHULDODMHSRYVHPGRORþHQDVVPHUMR]XQDQMHJD







=D GRORþHQRVW VPHUL WRNRYQH JRVWRWH SRVNUELPR V VNUEQLP REOLNRYDQMHP
SRVDPH]QH $05 VWUXNWXUH ± VSUHPHQOMLYHJD XSRUD NDWHUHJD XSRUQRVW åHOLPR þLP
QDWDQþQHMH L]PHULWL 8SRURYQL HOHPHQW L]YHGHPR Y REOLNL SODQDUQR QDQHãHQH WDQNH


























9 WDNãQHPUHåLPXGHORYDQMD MH VHQ]RUPRJRþHXSRUDEOMDWLNRWGHWHNWRU VPHUL








3HULRGR RG]LYD WLSDOD LPHQXMHPR HOHNWULþQD SHULRGD LQ SUHVWDYOMD HQR SRORYLFR







2SD]LPR SD GD RSLVDQL RG]LY YVHEXMH WXGL PRþQR HQRVPHUQR NRPSRQHQWR





6NODGQR] HQDþER  SRWUHEXMHPR]D HQR]QDþQRGRORþLWHYSRORåDMD ]QRWUDM
HOHNWULþQHSHULRGHGYDID]QR]DPDNQMHQDVLJQDODVLQXVQHREOLNH7DNRYWLSDORGRGDPR










3RVDPH]QL XSRURYQL HOHPHQWL VH WRUHM RG]RYHMR JOHGH QD ORNDOQR VPHU
PDJQHWQHJDSROMD
ߙሺݔሻ ൌ עܤሬԦሺݔሻ ൌ ʹߨݔȀߣ 














݅ ൌ Ͳǡͳǡʹǡ ǥ ǡ͹

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൰ െ ͳ൰Ǥ 
8SRUDELPRDGLFLMVNLL]UHN




























































ܣ  ቀͶߨݔߣ ቁ
ܣ  ቀͶߨݔߣ ቁ
Ǥ 
.UDMHYQD SRWHND VLJQDORY WHU SULSDGDMRþL L]KRG GDMDOQLND Y RGYLVQRVWL RG

































Y]RUFHY5GHþD NULYXOMD SULND]XMH RG]LYPDWHULDOD QD SROMH SUDYRNRWQR QD UDYQLQR













3RVOHGLFD QHOLQHDUQRVWL PDJQHWL]DFLMH MH GD VWDQMH PDWHULDOD Y WLSDOX QL
HQR]QDþQRGRORþHQR]]XQDQMLPPDJQHWQLPSROMHP1HNDWHULGHOLPDWHULDODVRQDPUHþ
ODKNR SUL HQDNHP Y]EXMDOQHP SROMX Y UD]OLþQLK VWDQMLK RGYLVQLK RG SUHWHNORVWL
5D]OLþQDPDJQHWL]DFLMDSRY]URþLWXGLUD]OLþHQL]PHUMHQRG]LYWLSDOD




UHIHUHQþQLP GDMDOQLNRP 3RVOHGLFD KLVWHUH]H MH GD VH NULYXOML SRJUHãND SUL JLEDQMX










V SURFHVRP L]GHODYH WHU JRVWRWD ]XQDQMHJD Y]EXMDOQHJDPDJQHWQHJD SROMD 6OHGQMR
GRORþD UHPDQHQWQD PDJQHWL]DFLMD HODVWRIHULWD LQ EUDOQD UD]GDOMD VDM JRVWRWD
PDJQHWQHJDSUHWRNDHNVSRQHQWQRXSDGD]RGGDOMHYDQMHPRGSRYUãLQHWUDNX
 5D]ODJDKLVWHUH]H$05WLSDOD
7DQNR SODVW SHUPDORMD VHVWDYOMDMR SRVDPH]QD REPRþMD NL LPDMR ]DUDGL
NULVWDORJUDIVNHXUHGLWYHQHNDWHUHVNXSQHODVWQRVWL0HGGUXJLPMLKODKNRSRYHåHPRY
SRVDPH]QHPDJQHWQHGRPHQH :HLVV >@ ,]NDåHVHGD MHGHOSHUPDORMDPRJRþH
UHODWLYQRGREURREUDYQDYDWL NRW HQR VDPRPDJQHWQRGRPHQR >@7DNãQDGRPHQD
L]ND]XMH GRORþHQR VWRSQMR ODVWQH PDJQHWL]DFLMH 7D PDJQHWL]DFLMD VH Y]SRVWDYL Y
WDNãQHPVPLVOXGDPLQLPL]LUDHQHUJLMRFHORWQHJDVLVWHPD
ýH ]DQHPDULPR PHGVHERMQL YSOLY GRPHQ WHU JLEDQMH GRPHQVNLK VWHQ ODKNR




ODKNR L]UDåHQR GRORþHQR VWRSQMR DQL]RWURSLMH LQ MH L]SRVWDYOMHQD ]XQDQMHPX
PDJQHWQHPXSROMX0DJQHWL]DFLMDܯሬሬԦMH]QRWUDMFHORWQHGRPHQHNRQVWDQWQD0DWHULDO










ܧ ൌ ܭ௨ܸଶሺ߶ െ ߠሻ െ ߤ଴ܯ௦ܸܪ ߶ǡ 
SUL þHPHU SUHGVWDYOMDMR 9 YROXPHQ PDWHULDOD ܯ௦ PDJQHWL]DFLMD QDVLþHQMD ߤ଴












































൫ʹሺ߶ െ ߠሻ൯ ൅ ݄ ߶ ൌ ͲǤ 
5HãLWHY HQDþEH SUL YUHGQRVWL SDUDPHWUD K  SULND]XMH UGHþD VOHG QD VOLNL 
9LGLPRGDLPDSUL]XQDQMHPNRWXߠ ൌ ߨȀʹHQHUJLMDORNDOQLPLQLPXPNDUSULGYHK
YUHGQRVWLKNRWD߶Ǥ3RMDYLWDVHQDPHVWXNMHUVUHGLQVNDUGHþDNULYXOMDYREOLNLþUNH6
VHND RVߠ ൌ ߨȀʹ ,]NDåH VH QDPUHþ GD LPD ]D GRORþHQH YUHGQRVWL SDUDPHWUDK SUL








NDWHULPD MH HQHUJLMVNDEDULHUD  9 WHPSULPHUX QD VWDQMH NL JDGHMDQVNR]DY]DPH
PDJQHWQDGRPHQDYSOLYDMRSUHGKRGQDVWDQMDGRPHQH























] RVMR ODåMH PDJQHWL]DFLMH LQ SRVOHGLþQR WXGL V VDPLP YHNWRUMHP PDJQHWL]DFLMH








6OLND  F NDåH WUHQXWHN NR MH YHNWRU ]XQDQMH SROMVNH MDNRVWL åH SUHãHO
SUDYRNRWQLFR QD RV ODåMH PDJQHWL]DFLMH =DUDGL HQHUJLMVNH SUHJUDGH SD PX
PDJQHWL]DFLMDãHQHVOHGLLQRVWDMDYORNDOQHPHQHUJLMVNHPPLQLPXPXNLJDQDVOLNL
SULND]XMH UGHþDNULYXOMDSULYUHGQRVWLRNURJș  UDG1D VOLNLGSD MH
QDYRU ]DUDGL ]XQDQMHJD PDJQHWQHJD SROMD åH GRVHJHO GRYROM YHOLNR YUHGQRVW GD
PDJQHWL]DFLMD HQHUJLMVNR EDULHUR SUHVNRþL 3RQRYQR VH Y]SRVWDYL UDYQRYHVMH PHG
YSOLYRP ]XQDQMH PDJQHWL]DFLMH LQ YSOLYRP DQL]RWURSLMH OH GD VHGDM RV ODåMH
PDJQHWL]DFLMHRGNODQMDPDJQHWL]DFLMRRG]XQDQMHJDSROMDYVPHULXULQHJDND]DOFDLQ








UD]OLþQL VWDQML PDJQHWL]DFLMH NL VWD RGYLVQL RG SUHGKRGQLK VWDQM 9 WHK SULPHULK
PDJQHWQDGRPHQDGHOXMHNRWVSRPLQVNLHOHPHQWLQL]UDåDKLVWHUH]R
 3RVSORãLWHY6WRQHU:RKOIDUWKRYHJDPRGHOD]DFHORWQL$05











GRPHQ ] QDNOMXþQLPL VPHUPL RVL ODåMH PDJQHWL]DFLMH WHU UD]OLþQLPL YUHGQRVWPL
SDUDPHWUD K 6OLND  SULND]XMH VWDQMHPRGHODPDWHULDOD V  GRPHQDPL NL VR
UHDOL]LUDQHSR6WRQHU:RKOIDUWKRYHPSUHGORJX'RPHQHLPDMRUD]OLþQRRULHQWLUDQHRVL




NRQVWDQWR DQL]RWURSLMH ± VLYLQD GRPHQH LQ ]JRGRYLQH SUHGKRGQLK VWDQM 6 þUQLP
NROREDUMHP MHR]QDþHQD HQDRGGRPHQNL MHY WUHQXWNXRSD]RYDQMDXMHWDY ORNDOQL
HQHUJLMVNL PLQLPXP 9HNWRUMD PDJQHWL]DFLMH LQ ]XQDQMHJD SROMD OHåLWD Y UD]OLþQLK









6NXSQL RG]LY PDWHULDOD L]UDþXQDPR NRW SRYSUHþQR RULHQWDFLMR GRPHQ ýH WD
RG]LYSULPHUMDPRVVPHUMR]XQDQMHJDSROMDODKNRRFHQLPRSRJUHãHNPHULWYHVWDNãQLP
$05PDWHULDORP3RWHNWDNãQHJDSRJUHãNDYSURVWRUXLQþDVXSULND]XMHVOLND3UL
WHP VPR XSRUDELOL UD]OLþQH VPHUL RVL ODåMH PDJQHWL]DFLMH WHU UD]OLþQH YUHGQRVWL
SDUDPHWUDܭ௨WRUHMSRVOHGLþQRK=XQDQMHPDJQHWQRSROMHMH]DYVHGRPHQHHQDNR
9LGLPRSRGREQRVWLYREOLNLRG]LYDVSUHML]PHUMHQLPLRG]LYL$05WLSDOD
6OLND  SULND]XMH ãH FHORWQL XSRUDEQLãNL YPHVQLN SULSUDYOMHQHJD PRGHOD
L]GHODQHJDYSURJUDPVNHPRNROMX0DWODE6SUHPOMDPRODKNRSURVWRUVNRRULHQWDFLMR
SRVDPH]QLKYHNWRUMHYWUHQXWQDVWDQMDYVHKGRPHQYKRGQHLQL]KRGQHYHOLþLQHPHULWYH
] PRGHOLUDQLP WLSDORP WHU SRJUHãHN PHULWYH 9PHVQLN RPRJRþD JHQHULUDQMH
























3ULVWRSL N PRGHOLUDQMX KLVWHUH]QHJD RG]LYD VR UD]OLþQL 9 JUREHP MLK ODKNR






$WKHUWRQRY PRGHO 'DYLG -LOHV LQ 'DYLG $WKHUWRQ VWD JD OHWD  SUHGVWDYLOD Y
SULVSHYNX >@ 1MHJRYD JODYQD SUHGQRVW MH SRYH]DYD V IL]LNDOQLPL SDUDPHWUL
PDJQHWQHJDPDWHULDOD>@9RVQRYQLREOLNLMHQDPHQMHQ]JROMPRGHOLUDQMXL]RWURSQLK
PDWHULDORYYHQGDU MHELO NDVQHMH UD]ãLUMHQ ãH ]D ãLUãRXSRUDER >@ >@'DQHV MH
SRJRVWRXSRUDEOMHQ]DPRGHOLUDQMHPDJQHWQLKSRMDYRYQDSULPHUL]PHQLþQLKSROM6
GRGDWQLPL UD]ãLULWYDPL QMXQR GHOR RPRJRþD WXGL VLPXODFLMR YSOLYD IUHNYHQFH >@






3UREOHP ODKNR SUHGVWDYOMD WXGL YLVRND REþXWOMLYRVW QD SDUDPHWUHPDWHULDOD NL VR Y
SUDNVL SRJRVWR WHåNR L]PHUOMLYL5DYQR UDþXQVND ]DKWHYQRVW LQ WHåDYQRVW GRORþDQMD
 0RGHOLUDQMHKLVWHUH]H±]QDQRVWDQMH










.RW UHþHQR SRVNXãDPR SUL HNVSHULPHQWDOQLK PRGHOLK L]GHODWL PDWHPDWLþQL
SULEOLåHNREOLNHRG]LYDNLJDL]ND]XMHPHUMHQHF9SULPHUXKLVWHUH]HWDRG]LYRELþDMQR
SUHGVWDYLPRNRW]DQNRR]LURPDPQRåLFR]DQNQDUDYQLQLNL LPD]DNRRUGLQDWQLRVL
YKRGQR ݑ LQ L]KRGQR VSUHPHQOMLYNR ݒ0DWHPDWLþQH UHãLWYH ]D NRQVWUXNFLMR WHK
]DQNVRUD]OLþQH
2GYLVQRVWL]KRGQHYHOLþLQHRGYKRGQHݑሺݒሻODKNRQDSULPHURSLãHPRVSRPRþMR
SDUFLDOQH GLIHUHQFLDOQH HQDþEH 3ULPHU WDNãQHJD ]DSLVD MH 'XKHPRY PRGHO >@















ݐ א ሺͲǡ ܶሻǡ

SULþHPHUSRPHQLQRWDFLMDݔା ؔ ሺȁݔȁ ൅ ݔሻȀʹLQݔି ؔ ሺȁݔȁ െ ݔሻȀʹǢ ݔ א Թ݃ଵLQ݃ଶ
SDVWDL]EUDQLIXQNFLML,]HQDþEHVOHGLGDYGDQHPWUHQXWNXVSUHPHPEDL]KRGQH
YHOLþLQHVOHGLHQLDOLGUXJLIXQNFLMLJOHGHQDVPHUJLEDQMD7DNãQDRSUHGHOLWHYSULQDãD




YRGHQMD VLVWHPRY .RW SULPHU QDYHGLPR&ROHPDQ+RGJGRQRYPRGHO SUHGVWDYOMHQ
OHWDY>@LQY>@>@+LVWHUH]RUDþXQDPRYþDVRYQHPSURVWRUXSUHNR
QHOLQHDUQHGLIHUHQFLDOQHHQDþEHSUYHJDUHGDREOLNH




IXQNFLMD݂ LQ VRGD IXQNFLMD݃ GRORþDWDREOLNRKLVWHUH]H1MXQ L]ERURPRJRþD ãLURN
VSHNWHUREOLNKLVWHUH]QH ]DQNH LQ WDNRRPRJRþD XSRUDERPRGHOD ]DRSLVH UD]OLþQLK
SRMDYRY
(QDþERODKNRGLVNUHWL]LUDPRLQMRSUHYHGHPRYREOLNR
ݕሺݐ ൅ ͳሻ െ ݕሺݐሻ ൌ ߙ൛݂൫ݑሺݐሻ൯ െ ݕሺݐሻൟȁݑሺݐ ൅ ͳሻ െ ݑሺݐሻȁ






9DQJOHãNL OLWHUDWXUL WDSULVWRSSRJRVWRQDMGHPRSRG LPHQRPRSHUDWRUEDVHG
PRGHOOLQJED]QHIXQNFLMHSDWXGLSRGLPHQRPRSHUDWRU*ODYQDLGHMDXSRUDEHED]QLK
















െͳ Ǣ ݔ ൒ ߚ
ͳ Ǣ ݔ ൑ ߙ















+LVWHULRQH QDPUHþ ODKNR LQWHUSUHWLUDPR SR DQDORJLML ] PDJQHWQLPL :HLVVRYLPL
GRPHQDPL
1DSULQFLSXNLJDXYDMD3UHLVDFKRYPRGHOKLVWHUH]HMHELORNDVQHMH]JUDMHQLK
PQRJR UD]ãLUMHQLK UD]OLþLF PHG GUXJLP LQYHU]QD 3UHLVDFKRYD IXQNFLMD 1DGDOMQML
UD]YRM3UHLVDFKRYHJDPRGHODPHGGUXJLPRSLVXMH9LVRQH>@
 0RGHO3UDQGWO,VKOLQVNLL3,PRGHO






















7DNR LPHQRYDQL .3 PRGHO WHPHOML QD RVQRYL UD]LVNDY .UDVQRVHOVNHJD LQ











QD WLVWH IXQNFLRQDOQRVWLNL MLKQXMQRSRWUHEXMHPR6 WHPSULKUDQLPRQDþDVXNLJD
]DY]DPH WDNR LPSOHPHQWDFLMD NRW L]YHGED L]UDþXQD KNUDWL SD ODKNR GRGDWQR
QDGJUDGLPR PRGHO WDNR GD ]DREMHPD WXGL PRUHELWQH SRVHEQRVWL PRGHOLUDQHJD
VLVWHPD
3ULPHU WDNãQLK VSHFLDOL]LUDQLK PRGHORY QD SRGURþMX VHQ]RULNH MH QD SULPHU
HQHUJLMVNLPRGHO>@>@]DVLPXODFLMRWDQNLKILOPRYL]SHUPDORMD=DQLPLYMHWXGL
UD]YRMQL FLNHO NL MH SULSHOMDO GR PHWRGH ]D OLQHDUL]DFLMR *05 WRNRYQLK WLSDO 1D
SULQFLSX ]JRUDM RSLVDQHJD'XKHPRYHJDPRGHOD MH OHWDQDVWDO WDNR LPHQRYDQL










DSURNVLPLUD ] OLQHDUQR IXQNFLMR MH QDGJUDMHQ Y /0)& DQJ /LQHDU 0RGHO ZLWK
)UHTXHQF\ &RPSHQVDWLRQ SUL NDWHUHP MH GRGDQD ãH IUHNYHQþQD NRPSHQ]DFLMD
1DGDOMQMHMHELODGRGDQDãHNRPSHQ]DFLMDKLVWHUH]HNLMHDSURNVLPLUDQD]UDFLRQDOQR
SROLQRPVNRIXQNFLMR0RGHOVRDYWRUMLSRLPHQRYDOL%1/0DQJ%DVLF1RQ/LQHDU
0RGHO=DUDGL VSHFLILþQHJDREQDãDQMD*05 WLSDO Y VNUDMQLK OHJDKYEOLåLQLPHMQH
IUHNYHQFHSDVRQD]DGQMHUD]YLOLPRGHO$1/0DQJ$GYDQFHG1RQ/LQHDU0RGHO
NL]GRGDQLPLXWHåPLYUHGQRVWLPWRNDQDUREXLQWHUYDODãHGRGDWQRL]EROMãDRG]LY
9HOLNR SR]RUQRVWL MH ELOR PRGHOLUDQMH KLVWHUH]H GHOHåQR WXGL QD SRGURþMX
















QDGDOMHYDQMX VL ERPRSRGUREQHMH RJOHGDOL ODVWQRVWL VLVWHPD ] REUDYQDYDQLPGDMDOQLNRP QD
SRGODJLNDWHULKERPR]JUDGLOLXVWUH]HQPRGHONLJDERPRJRþHNDVQHMHREUQLWLLQXSRUDELWL]D
NRPSHQ]DFLMR
6OLNDSULND]XMHEORNRYQRVKHPRVLVWHPD L]NDWHUH ODKNR UD]EHUHPR UD]PHUMHPHG
SRVDPH]QLPLSRGVLVWHPL9KRGQDYHOLþLQDWDNR]DGDMDOQLNNRWWXGL]DLVNDQLPRGHOMHYVDNRNUDW
UHDOQLSRORåDMþLWDOQHJODYHQDGPDJQHWQLPWUDNRP,QIRUPDFLMRRQMHPODKNRGRELPRSUHNR
UHIHUHQþQHJD GDMDOQLND NL QD VKHPL QL SRVHEHM R]QDþHQ0RGHOLUDQL GDMDOQLN VH QD YKRGQR
YHOLþLQR±SRORåDMݔ±XVWUH]QRRG]RYHLQYUQHL]KRGQLVLJQDOݔොNLQDMELELOYLGHDOQHPSULPHUX
HQDNYKRGQHPXWRUHM[=DUDGLKLVWHUH]QLKODVWQRVWLYJUDMHQHJDWLSDODSDMHL]KRGREUHPHQMHQ
ãH VSRJUHãNRPH6WUHãLFDYQRWDFLML R]QDþXMHRFHQMHQRNROLþLQR'DMDOQLN WDNRYUQHRFHQR
UHDOQHSR]LFLMHݔPRGHOSDRFHQRSRJUHãNDGDMDOQLND݁











REQDãDQMD WHVWQLK Y]RUFHY NDNUãQHJD SULND]XMH VOLND  QDV MH SULSHOMDOR GR VOHGHþLK
XJRWRYLWHY
 2SD]XMHPR LQ NRULJLUDPR ODKNR ]JROM L]KRG NRGLUQLND WRUHM RFHQMHQL NRW ݔො NL




 ýHGDMDOQLNSUHPDNQHPRL]WRþNHݔଵYݔଶSULþHPHUMHݔଵ ا ݔଶSRORåDMQDUDVWH]DYVDM
HQRSHULRGRL]KRGQLNRWSURVWRUVNRª]DRVWDMD©LQYHOMDݔොଶ ൏ ݔଶ























,]EHUHPR HNVSHULPHQWDOQL SULVWRS N PRGHOLUDQMX VDM FLOM QL QDWDQþQR UD]XPHYDQMH
GRJDMDQMDYPDWHULDOX WHPYHþþLPEROMKLWUD LQ]DQHVOMLYDNRUHNFLMD L]KRGD WLSDODYUHDOQHP
þDVX
0RGHO]DVWDYLPRNRWIXQNFLMRNLL]WUHQXWQHJDLQSUHMãQMLKSRORåDMHYWLSDODݔL]UDþXQD
RFHQR L]KRGD GDMDOQLND ݕ NL QDM EL ELO HQDN SUDYL YUHGQRVWL ݔ YHQGDU MH REUHPHQMHQ V
SRJUHãNRP݁2EWUHQXWQHPþDVX߬ ൌ ݐODKNR]DSLãHPR
ݕሺ߬ ൌ ݐሻ ൌ ݂ሼݔሺ߬ ൌ ݐሻǡ ݔሺ߬ ൏ ݐሻሽ ൎ ݔሺ߬ ൌ ݐሻ 
R]LURPDYGLJLWDOL]LUDQLREOLNL
ݕ௜ ൌ ݂ሼݔ௜ǡ ݔ௜ିଵǡ ݔ௜ିଶǡ ǥ ሽ ൎ ݔො௜ ൌ ݔ௜ ൅ ݁௜Ǥ 
*OHGH QD ]JRUQMH XJRWRYLWYH LQ ]DKWHYH VH WDNRM SRQXGL QDMHQRVWDYQHMãDPRåQRVW ± Y
SULPHUXQDUDãþDQMDYUHGQRVWL L]KRGD WLSDOD SUHPLNDQMHQDSUHM MHSRWUHEQRSULãWHWL YUHGQRVW
ܣ௣௢௚௥௘௦௘௞YQDVSURWQHPSULPHUXSDMRRGãWHWL
ݕ௜ ൌ ൜
ݔ௜ െ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൐ ݔ௜ିଵ
ݔ௜ ൅ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൏  ݔ௜ିଵ
 
+LWUR RSD]LPR GDPRGHO VODERRSLVXMH GRJDMDQMH QDPHVWLK NMHU þLWDOQD JODYDPHQMD







ݔ௜ െ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൐ ݔ௜ିଵ ൐ ݔ௜ିெǢ ݔ௜ െ ݔ௜ିெ ൐ ߣ





















ሬܶԦ ൌ ݌௠ሬሬሬሬሬԦ ൈ ܤሬԦ 
R]LURPDYVNDODUQLREOLNL





















PRGHO NRW NRPELQDFLMD YHþMHJD ãWHYLOD WHK VWUXNWXU XVWUH]DWL ]DKWHYDP L] SRJODYMD  9
SRJODYMXVPRRSLVDOLQHNDMSULPHURYPRGHORYNLWHPHOMLMRQDUD]OLþQLKWLKLVWHUH]QLKED]QLK
IXQNFLM QD SULPHU KLVWHULRQ SUL 3UHLVDFKRYHP PRGHOX IXQNFLML SOD\ LQ VWRS WHU QMXQH
JHQHUDOL]LUDQHL]YHGEH3UHLVDFKRYKLVWHULRQQLSULPHUHQ]DXSRUDER]DNRPSHQ]DFLMRKLVWHUH]H
Y GDMDOQLNLK SRORåDMD NHUPRGHO V NRPELQDFLMR KLVWHULRQRY QH L]SROQMXMH SRJRMD ]YH]QRVWL
)XQNFLMD WLSD VWRS SUDY WDNRQL XSRUDEHQ ]D UHãLWHY GDQHJD SUREOHPD VDM RGUDåD QDVLþHQMH








ሺݔ௜ ൅ ߶ǡ ܦ௜ିଵሻ Ǣ ݔ௜ ൑ ݔ௜ିଵ




















1DMSUHM L]EHUHPR VWRSQMR PRGHOD WRUHM ãWHYLOR XSRUDEOMHQLK ED]QLK IXQNFLM 1 3ULSUDYLPR
YHNWRUࣘ GROåLQH1 YNDWHUHP MH ]DYVDNR LWRGRPHQRSULSDGDMRþLPHMQL NRW߶௜3RGREQR
















0RGHO SRWHND Y þDVRYQR GLVNUHWQLK FLNOLK NL ERGR NDVQHMH YH]DQL QD GHORYQH FLNOH





ȁݔ െ ܦ௜ȁ ൐ ߶௜ ר ݔ െ ܦ௜ ൐ Ͳǡ 
WRUHMVWDQMHGRPHQHSUHYHþ]DRVWDMD]DYKRGQRYHOLþLQRL]YHGHPR
ܦ௜ ൌ ݔ െ ߶௜Ǥ 
3RGREQRSUHYHULPRãH]DGUXJRVPHUýHYHOMD
ȁݔ െ ܦ௜ȁ ൐ ߶௜ ר ݔ െ ܦ௜ ൏ Ͳǡ 
L]YHGHPR
ܦ௜ ൌ ݔ ൅ ߶௜Ǥ 
ýHQREHGHQRGSRJRMHYQHYHOMDVHYUHGQRVWGRPHQHQHVSUHPHQL
3RRVYHåLWYLYVHK1GRPHQL]UDþXQDPRL]KRGVLPXOLUDQHJDGDMDOQLNDSRHQDþEL








=DVWDYOMHQL PRGHO VPR VSUYD åHOHOL SUHL]NXVLWL LQ VH SUHSULþDWL GD MH ] QMLPPRJRþH












































































ିଵǡ ݔ א ሾͲǡͳሿǤ 
9GLVNUHWL]LUDQLREOLNL]DL]UDþXQSRVDPH]QLKYUHGQRVWLSDUDPHWURYࢥWRSRPHQL
߶௜ሺ݅ሻ ൌ ݂ ൬
݅
ܰ









݅ ൌ Ͳǡͳǡ ǥ ǡ ܰǤ






N = 100;    % Št. domen 
theta_doseg = 100;  % Pri katerem zaostanku se   nasiči  
theta_sat = 15;  % Maksimalen zaostanek skupno      




















GRVHåHMR YUHGQRVW NULWLþQLK QDYRURY 7DNãQR VHNYHQFR SUHGVWDYLPR NRW ]DSRUHGMH YKRGQLK
































ݔො௜ ൌ ݔ௜ ൅ ݂ሼݔ௜ǡ ݔ௜ିଵǡ ݔ௜ିଶǡ ǥ ሽ ൌ ݔ௜ ൅ ݁௜ǡ 
NMHU VWUHãLFD R]QDþXMH RFHQMHQR YUHGQRVW SRORåDMD NL JD GRORþL GDMDOQLN [ SD SUDYR
YUHGQRVWSRORåDMDNLMHHQDNDL]KRGXUHIHUHQþQHJDGDMDOQLNDYþDVRYQHPWUHQXWNXL3RJUHãHN
PHULWYHMHIXQNFLMDSUHWHNOLKþDVRYQLKWUHQXWNRYQDWDQþQHMHSRORåDMHYݔ௜ିଵǡଶǡଷǡǤǤ
6HGDM åHOLPR PRGHO REUQLWL LQ SRLVNDWL SUDYR YUHGQRVW SRORåDMD GDMDOQLND JOHGH QD
L]PHUMHQHYUHGQRVWLVDMUHIHUHQþQLGDMDOQLNYNRQþQLDSOLNDFLMLQLSULVRWHQ,ãþHPRWRUHMIXQNFLMR
J]DNDWHURYHOMD
ݔ௜ ൌ ݔො௜ െ ݃ሼݔො௜ǡ ݔො௜ିଵǡ ݔො௜ିଶǡ ǥ ሽ ൌ ݔො௜ െ ݁௜Ǥ 
.HUYHOMD
ݔ௜ ൎ ݔො௜ 
LQ







݂ሼǥ ሽ ൎ ݃ሼǥ ሽ ൎ ெ݂௓஽ሼǥ ሽ 
LQ
ሼݔ௜ǡ ݔ௜ିଵǡ ݔ௜ିଶǡ ǥ ሽ ൎ ሼݔො௜ǡ ݔො௜ିଵǡ ݔෝ௜ିଶǡ ǥ ሽǤ 
7RUHMODKNRL]KRGGDMDOQLND]RGVWUDQMHQLPYSOLYRPKLVWHUH]HL]UDþXQDPRNRW
ݕ௜ ൌ ݔො௜ െ Ƹ݁௜ ൌ ݔො௜ െ ெ݂௓஽ሼݔො௜ǡ ݔො௜ିଵǡ ݔො௜ିଶǡ ǥ ሽǡ 
SUL þHPHU MH ெ݂௓஽ IXQNFLMDPRGHOD ]REUDþDQMHPGRPHQYKRGQHYUHGQRVWL SD VR ]DSRUHGMH
PHULWHYGDMDOQLND















ൌ ͸ǡͶʹͺ ή ͳͲିଷǤ 
1DMYHþMLSRJUHãHNGDQHPHULWYHQDREPRþMXMH
 ȁݔො െ ݔȁ ൌ ͲǡͺǤ 
7RUHMMHQDMYHþMDQDSDNDL]UDþXQDIXQNFLMHINLMRSRY]URþLXSRUDEDݔොQDPHVWR[NRWYKRGQHJD
DUJXPHQWDHQDND
 ȁ݂ሺݔሻ െ ݂ሺݔොሻȁ ൌ  ȁݔො െ ݔȁ ή  ൜ฬ
݁
ݔ






 s = Zajemi_podatke_z_AMR_tipala(); 
x = Izracunaj_trenutni_polozaj(s);
 e = 0; 
 for i=1 to N 
  if  (D[i]-x) > ϕ[i]  
   D[i] = x + ϕ[i]; 
  if  (D[i]-x) < -ϕ[i]  
   D[i] = x - ϕ[i]; 
  e += w[i] * (D[i]-x); 
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND





3UL WHP ODKNR L]ELUDPR PHG WDNR LPHQRYDQLPL YHþREUDWQLPL GDMDOQLNL DQJ PXOWLWXUQ
HQFRGHUVNLSUHWHNOHREUDWHSULãWHYDMRNWUHQXWQLL]PHUMHQLYUHGQRVWLSRORåDMDLQHQRREUDWQLPL
DQJVLQJOHWXUQGDMDOQLNLNLSRSUHKRGXHQRVWDYQR]DþQHMRãWHWLRG]DþHWND9GUXJHP
SULPHUXGRELPRVNRþQRVSUHPHPER L]KRGQHJDNRWDNLSD MHKNUDWL WXGLYKRGQD YHOLþLQD]D
DOJRULWHP0='3RVNUEHWLMHSRWUHEQRGDERGHORYDQMHWXGLYWHPSULPHUXXVWUH]QR




















=DWRYQDGDOMHYDQMXSUHGODJDPR UXWLQR]D]DMHPSRGDWNRY WHU L]UDþXQ V NDWHULP MHPRJRþH






















UHIHUHQFH࢞WHUSRJUHãHN]DMHWHJDL]KRGDWLSDODࢋ ൌ ࢞ෝ െ ࢞=DREUDYQDYDQH$05GDMDOQLNH











V SRGREQLPL ODVWQRVWPL Y PDWHULDOX 'D ERGR PRGHOVNL SDUDPHWUL SRSROQRPD GRORþHQL MH
SRWUHEQRWRUHMVSRVWRSNRPNDOLEUDFLMHGRORþLWLYHNWRUMDࣘLQZ
7LN SUHG WUHQXWNRP REUDWD W YVH GRPHQH ] PDNVLPDOQLP ]DRVWDQNRP VOHGLMR
WUHQXWQHPX ]XQDQMHPX SROMX 7DNRM SR REUDWX MH UD]OLND PHG VWDQMHP GRPHQH LQ YKRGQR
YHOLþLQRPDQMãD RG NULWLþQH ]DWR WHPLUXMHMR.R þLWDOQR JODYR LQ V WHP WLSDOR SRPDNQHPR
QDSUHMQDYRU]XQDQMHJDSROMDQDPDJQHWQHGLSROHGRPHQQDUDãþD'RPHQHPLUXMHMRGRNOHUQH
GRVHåH QMLKRYH NULWLþQH YUHGQRVWL QDWR ]DþQHMR VOHGLWL ]XQDQMHPX SROMX 9 WUHQXWNX NR VH
KLVWHUH]DQHKDVSUHPLQMDWLVRYVHGRPHQHGRVHJOHQDVLþHQMH'ROåLQDSRWLNLMRWLSDORSUHSRWXMH
RG REUDWD W GR QDVLþHQMD W R]QDþLPR ] / 3RW UD]GHOLPR QD 1 OLQHDUQLK RGVHNRY
0DWHPDWLþQRWRSRPHQLGD1GRPHQDPGRGHOLPR1YUHGQRVWLSDUDPHWUD߶]LQWHUYDOD>/@











6HGDM SD YVHP VLJQDORPQD VOLNL  RGãWHMPR UHIHUHQþQL VLJQDO1DPHVWR XVPHULWHY
GRPHQLQL]KRGDGDMDOQLNDWDNRGRELPR]DRVWDQHNGRPHQHJOHGHQD]XQDQMHSROMHR]SRJUHãHN









































ݔே െ ݔ଴ ൌ ܮǤ 
=DSLãHPRVWUPLQRGRPHQRGGHVQHSURWLOHYL]DSULPHUVWUHPLVNXSLQDPLGRPHQ
െ݇ଷ ൌ ݓଷ
െ݇ଶ ൌ ݓଶ ൅ ݓଷ
െ݇ଵ ൌ ݓଵ ൅ ݓଶ ൅ ݓଷǤ

6LVWHPHQDþE]DSROMXEQL1]DSLãHPRYPDWULþQLREOLNL
࢑ ൌ െ ൦
ͳ ͳ ڮ ͳ
Ͳ ͳ ڮ ͳ
ڭ ڭ ڰ ڭ






ͳ ͳ ڮ ͳ
Ͳ ͳ ڮ ͳ
ڭ ڭ ڰ ڭ












9 SUDNVL SD åHOLPR SRJRVWR HOLPLQLUDWL YVH URþQH SRVHJH Y VLVWHP 6 WHP VH SURFHV
NDOLEUDFLMHSRVSHãLLQDYWRPDWL]LUD9WDQDPHQODKNRYHNWRUࣘGRORþLPRWXGLYQDSUHMLQJDQH
VSUHPLQMDPR Y SURFHVX NDOLEUDFLMH 3UL WHP SD]LPR GD Y]DPHPR QHNROLNR YHþML / RG
SULþDNRYDQHJD WRUHM GD ]DVWDYLPR PRGHO WDNR GD ER UDMH SRNULYDO SUHãLURNR NRW SUHR]NR
REPRþMH = YDULLUDQMHP ãWHYLOD 1 WHU UD]SRUHGLWHY PHM ODKNR RSWLPL]LUDPR GHOLWHY ]DMHWLK
SRGDWNRYQDOLQHDUQHRGVHNHLQVWHPXMHPDQMHPRGHOD]PHULWYDPL1DMEROMRþLWQDUD]SRUHGLWHY
ݔ௜SRREPRþMX>/@MHHNYLGLVWDQWQDVHYHGDSDVHJOHGHQDGLQDPLNRWLSLþQR]DMHWHJDSRJUHãND







SUHL]NXãHQ QD VNXSLQL WHVWQLK Y]RUFHY 3RVNXãDOL VPR ]DMHWL þLP EROM UD]QROLNR
PQRåLFRPHUMHQFHYGDELSUHYHULOLþLPãLUãHSRGURþMHSRWHQFLDOQHXSRUDEH9WHVWQR
VNXSLQRVPRWDNR]DMHOL$05WLSDODþLPYHþUD]OLþQLKWLSRYLQSURL]YDMDOFHYGHORYDQMH








QD QLYRMX HQRWH DQJ XQLW WHVW 7R QDMODåMH GRVHåHPR V WHVWLUDQMHP WLSDO Y REOLNL
VXURYLK þLSRY SULOHSOMHQLK LQ RåLþHQLK QD VWDQGDUGQR WHVWQR WLVNDQLQR QD NDWHUL QL
QREHQHGRGDWQHREGHODYHVLJQDORYQLILOWULUDQMDRMDþHYDQMDLSG=DMDPHPRVXURYH
SRGDWNH LQ QDGDOMQMR REGHODYR L]YUãLPR ] RVHEQLP UDþXQDOQLNRP ,QWHJUDFLMR



















SULWUMHQLP PDJQHWQLP WUDNRP LQ XVWUH]QR UHIHUHQþQR VNDOR 6LVWHP MH ILNVLUDQ QD












































































NRW MH RSLVDQD Y SRJODYMX 8SRãWHYDPR L]EUDQR ãWHYLOR GRPHQ3ULPHU L]YHGEH







7DNR SULSUDYOMHQL PRGHO VHGDM XSRUDELPR ]D VLPXODFLMR KLVWHUH]H JOHGH QD
SRGDWNH]DMHWHPHGJLEDQMHP WLSDOD ,]YHGHPRQHNDMSUHPLNRYNLYNOMXþXMHMR WXGL
YVDMHQRVSUHPHPERVPHULLQVSUHPOMDPRUH]XOWDWVLPXODFLMHLQL]KRGGDMDOQLND.HU






Y GUXJR VPHU7D UD]OLND VH ELVWYHQR ]PDQMãD SR WHP NR VPRQD SRGDWNLK L]YHGOL










SUYL ID]L VPR VLJQDOH V WLSDOD ]DMHPDOL V NDUWLFR ]D ]DMHP VLJQDORY GHNRGLUDQMH LQ
REGHODYDSDMHELODL]YHGHQDQDRVHEQHPUDþXQDOQLNXYSURJUDPVNHPRNROMX0DWODE
7DNãHQ QDþLQ RPRJRþD HQRVWDYQR VKUDQMHYDQMH SULND] LQ VWDWLVWLþQR SULPHUMDYR








7HVWQL VHVWDY SULND]XMH VOLND  'D EL ODKNR GHORYDQMH SUHL]NXVLOL QD þLP
YHþMHPãWHYLOXY]RUFHYVPRWLVNDQLQRL]GHODOLSRSULQFLSXPRGXODUQRVWL0HQMDWLMH
PRJRþH UD]OLþQH WHVWLUDQFH SUDY WDNR SD WXGL GHO YH]MD ]D QDSDMDQMH LQ RMDþLWHY
VLJQDORY
0DJQHWRXSRURYQR WLSDOR SRYHåHPR Y YJUDGQL VLVWHP NL L]YDMD UHJXOLUDQMH












2E XSRãWHYDQMX 0+] VLVWHPVNH XUH L]UDþXQDPR GD VH MH GHORYQL FLNHO
GDMDOQLNDREXSRUDEL0='VSHWLPLGRPHQDPLSRGDOMãD]DSULEOLåQR௘ȝV
 0HUMHQMHLQYUHGQRWHQMHKLVWHUH]HGDMDOQLND
'D EL ODKNR RFHQLOL XþLQNRYLWRVW L]EUDQHJD PRGHOD MH ELOR SRWUHEQR QDMSUHM












YSOLYDMR QD PHULOQL UH]XOWDW 9 WD QDPHQ MH ELOD GHILQLUDQD WHVWQD UXWLQD ]D ]DMHP
SRGDWNRYLQPDWHPDWLþQLSRVWRSHNL]UDþXQDNRQþQHYUHGQRVWL
,]YHGHPR SRPLN SUHNR FHORWQHJD REPRþMD GHORYDQMD YVDM GYH PDJQHWQL






GDGRELPRYUHGQRVWL YXVWUH]QLKGROåLQVNLK HQRWDK9QDGDOMHYDQMX VR ]D L]UDåDQMD
SRORåDMD XSRUDEOMHQH HQRWH NRWQH VWRSLQMH ]QRWUDM HOHNWULþQH SHULRGH WRUHM  QD
PDJQHWQLSRO]GROåLQRPP3RSRWUHELSDVHODKNRXSRUDELWXGLGUXJHXVWUH]QHHQRWH
SRJRVWR VH QD SULPHU SUL PDJQHWQLK GDMDOQLNLK OLQHDUQHJD SRPLND XSRUDEOMD WXGL
GROåLQVNDHQRWDP





࢏ீைோ ൌ ሼ݅Ǣ ݅ א ͳǡǥܰٿݔ௥௘௙ሾ݅ ൅ ͳሿ െ ݔ௥௘௙ሾ݅ሿ ൐ Ͳሽ
࢏஽ை௅ ൌ ሼ݅Ǣ ݅ א ͳǡǥܰٿݔ௥௘௙ሾ݅ ൅ ͳሿ െ ݔ௥௘௙ሾ݅ሿ ൏ Ͳሽǡ





















࢏ீைோǡ௢௕௠௢«௝௘ ൌ ൛݅Ǣ ݅ א ݅ீைோٿ݅ א ݅௢௕௠௢«௝௘ൟ




1D HNVWUDKLUDQHP REPRþMX GRORþLPR WRþNH ]D LQWHUSRODFLMR L]KRGD WLSDOD SUL
JLEDQMXYHQRR]LURPDGUXJRVPHU2EPRþMHUD]GHOLPRQD0RGVHNRY
࢞௜௡௧௘௥௣ ൌ ቊ݆ כ
൫ݔ௢௕௠௢«௝௘൯ െ ൫ݔ௢௕௠௢«௝௘൯
ܯ ൅ ͳ





3ULGRELOL VPR YHNWRUMD࢞ீைோǡ௜௡௧௘௥௣LQ࢞஽ை௅ǡ௜௡௧௘௥௣ NL VWD HQDNH GROåLQH LQ ]DMHWD RE
HQDNHP UHIHUHQþQHP VLJQDOX = RGãWHYDQMHP WDNR HQRVWDYQR GRELPR UD]OLNR PHG
PHULWYLMRYHQRLQGUXJRVPHUWRUHMYUHGQRVWMRKLVWHUH]HSULGRORþHQHPSRORåDMX








QLVR NRQVWDQWQH WHPYHþ ODKNR L]ND]XMHMR SURVWRUVNR RGYLVQRVW ãXP SRSDþHQMD Y
RNROLFLPHQMDYH VPHUL QLKDQMH ]QRWUDMPDJQHWQHSHULRGH LQSRGREQR ,] SUDNWLþQLK
UD]ORJRY åHOLPR L] QMLK L]OXãþLWL HQ VDP SDUDPHWHU NL QDP ER SRPDJDO PHULWYH
NYDQWLWDWLYQR SULPHUMDWL .RW UHþHQR YHþLQD SURL]YDMDOFHY PHULOQH WHKQLNH QDYDMD
KLVWHUH]R NRW UD]OLNRPHG YUHGQRVWMR L]PHUMHQR QD LVWHPPHVWX RE JLEDQMX L] HQH
R]LURPD GUXJH VPHUL .HUPRUD ELWL VSHFLILNDFLMDP RE SUDYLOQL UDEL L]GHOND YHGQR
]DGRãþHQRVHQDYDMDQDMYHþMDL]PHUMHQDYUHGQRVWWHUD]OLNHWRUHMሼࢎ൫࢞௜௡௧௘௥௣൯ሽ9
EROMNULWLþQLKVLWXDFLMDKNWHPXGRGDMRãHGRORþHQYDUQRVWQLIDNWRU
3R GUXJL VWUDQL SD LPD Y SULþXMRþHP GRNWRUVNHP GHOX YUHGQRWHQMH KLVWHUH]H
SRYVHPGUXJDþHQQDPHQäHOLPRGDERL]EUDQLND]DOQLNL]UDåDONDUQDMYHþLQIRUPDFLMH
RGHMDQVNHPVWDQMX ,]EUDWLJDPRUDPR WRUHM WDNRGDERGRQDQMYþLPPDQMãLPHUL
YSOLYDOHQDSDNHPHULWYHãXPãWHYLOR LQJRVWRWDY]RUFHYWHUYSOLYVSUHPHPEVPHUL
*OHGH QD RSDåHQH ODVWQRVWL REUDYQDYDQLK $05 WLSDO ]EUDQH Y SRJODYMX  ]D
NULWHULMVNR IXQNFLMR L]EHUHPR PHGLDQR UD]OLNH LQ MR L]UDþXQDPR SR HQDþEL 
.D]DOQLNSRPHQL3RJUHãHN0HULWYH ]DUDGL+LVWHUH]H ]DWRJD VNUDMãDQR LPHQXMHPR
30+
௞݂௥௜௧௘௥௜௝௦௞௔ ൌ ൛ࢎ൫࢞௜௡௧௘௥௣൯ൟ ൌ  
3ULPHU YUHGQRWHQMD KLVWHUH]H SULND]XMH VOLND  =DUDGL SUHJOHGQRVWL QL
SULND]DQ L]PHUMHQL SRORåDM WLSDOD WHPYHþ OH UD]OLND PHG L]PHUMHQR LQ SUDYR
1. Premik gor-dol in zajem podatkov 
2. Filtriranje, kalibriranje podatkov 
3. Dekodiranje pozicije in pogreška iz podatkov 
4. Identifikacija območij gibanja gor/dol 
5. Odstranitev območij z nepopolnimi podatki (samo v 
eno smer, območja prehodnega pojava ob obratu) 
6. Priprava vektorja, ki ekvidistančno pokriva veljavno 
območje zajetih signalov  
7. Interpolacija 
8. Vektor razlik h 

















PHULWYHNL MRSRY]URþL KLVWHUH]DSUHG LQSRNRPSHQ]DFLML5H]XOWDWL SULPHUMDYH ]D
$05WLSDODVRSULND]DQLQDVSRGQMHPJUDIXVOLNDâWHYLOVNLUH]XOWDWLPHULWYHVR
SRGDQLY'RGDWNX$





705 LQ *05 SULQFLS QDPUHþ SRþDVL QDGRPHãþDMR $05 Y PQRJLK PHULOQLK































$OJRULWHP0=' VPR SUHL]NXVLOL QD ãHVWLK UD]OLþQLK 705 WLSDOLK 8VSHãQRVW
NRPSHQ]DFLMHSULND]XMHVOLNDâWHYLOVNLUH]XOWDWLPHULWYHVRSRGDQLY'RGDWNX%
9SRYSUHþMXVHMHYSOLYKLVWHUH]H]PDQMãDO]D.RPSHQ]DFLMDMHQHNROLNR




.RPSHQ]DFLMVNL DOJRULWHP 0=' V SHWLPL GRPHQDPL VPR LPSOHPHQWLUDOL Y























































SRMDYL SRWUHED SR NRPSHQ]DFLML KLVWHUH]H QDYDGQR SRWHNDMR Y WHPSHUDWXUQR
QDG]RURYDQHP RNROMX 6LFHU EL QD UH]XOWDW ]HOR PRþQR YSOLYDOL åH VDPL WHUPLþQL
UD]WH]NL PDWHULDORY .OMXE WHPX ERPR Y QDGDOMQMH GHOR ]DJRWRYR YNOMXþLOL WXGL








.OMXE WHPX EL ODKNR KLWURVW DOJRULWPD ãH QDGDOMQMH L]EROMãDOL ] RSWLPL]DFLMR ãWHYLOD
 5D]SUDYDLQQDGDOMQMHGHOR

GRPHQ LQ RSWLPL]DFLMR UDþXQVNHJD SRVWRSND 1DGDOMQMH L]EROMãDQMH EL SULQHVOD





9 GRNWRUVNL QDORJL VPR SRMDVQLOL QDþLQ PHUMHQMD SRPLND R]LURPD ]DVXND V
SRPRþMR WLSDO QD DQL]RWURSQLPDJQHWRXSRURYQL SULQFLS SUL þHPHU ]QDWQR RPHMLWHY
SUHGVWDYOMD KLVWHUH]QL HIHNW NL JD WDNãQD WLSDOD L]UDåDMR 3UHGVWDYLOL VPR IL]LNDOQR





YHþMR VWUXNWXUR NL ]DY]HPD YHþMR SRYUãLQR Y]GROå PDJQHWQHJD WUDNX LQ MH WRUHM
L]SRVWDYOMHQD ]XQDQMHPX PDJQHWQHPX SROMX NDWHUHJD VPHU VH Y]GROå VWUXNWXUH
VSUHPLQMD5D]ãLUMHQLPRGHORPRJRþDYNOMXþHYDQMHQDNOMXþQRUD]SRUHMHQHL]UDåHQRVWL
DQL]RWURSLMHLQXVPHULWYHRVLODåMHPDJQHWL]DFLMH3RND]DOLVPRGDXVSHãQRSRXVWYDUMD




9 QDGDOMHYDQMX QDORJH VPR SRVNXãDOL QDMWL ãH GUXJH QDþLQH ]D PRGHOLUDQMH
KLVWHUH]H$05WLSDODNLELQDPRPRJRþDOLL]JUDGQMRNRPSHQ]DFLMVNHJDDOJRULWPD]D
VLPXODFLMR LQ NRPSHQ]DFLMR SRJUHãND ]DUDGL KLVWHUH]H Y UHDOQHP þDVX ]QRWUDM
GHORYQHJD FLNOD GDMDOQLND 9 WD QDPHQ VPR UD]LVNDOL ãLUãH SRGURþMH PRGHOLUDQMD
KLVWHUH]QLK HIHNWRY LQ SUHGVWDYLOL QDMYLGQHMãH ]QDQH SULVWRSH N PDWHPDWLþQHPX
RSLVRYDQMX KLVWHUH]QHJD XþLQND 1D SRGODJL ]DKWHY NL MLK PRUD LVNDQL PRGHO
L]SROQMHYDWL ]DNOMXþLPR GD QREHGHQ RG åH ]QDQLKPRGHORY KLVWHUH]H QH RPRJRþD
SRYVHPRSWLPDOQHJDNRPSURPLVDPHGUDþXQVNR]DKWHYQRVWMRLQWRþQRVWMR








VPR ]D ND]DOQLN YSOLYD KLVWHUH]H L]EUDOL PHGLDQR UD]OLNH L]PHUMHQHJD SRORåDMD SUL
JLEDQMXYHQRR]LURPDGUXJRVPHUSULþHPHUPRUDDPSOLWXGDJLEDQMDREVHJDWLQDMPDQM





9 QDGDOMHYDQMX VPR PRGHO NL JD SR DQDORJLML ] GRJDMDQMHP Y PDJQHWQHP
PDWHULDOX LPHQXMHPR PRGHO ]DRVWDMDMRþLK GRPHQ YNOMXþLOL Y DOJRULWHP L]UDþXQD




1D]DGQMH MH VOHGLOR HNVSHULPHQWDOQR YUHGQRWHQMH SUHGODJDQHJD DOJRULWPD
3ULPHUMDOLVPRSRJUHãHNSRORåDMD]R]LURPDEUH]NRPSHQ]DFLMHKLVWHUH]HSULGREOMHQH
V VNXSLQR UD]OLþQLK$05 WLSDO9NOMXþHQL VRELOL L]GHONL UD]OLþQLKSURL]YDMDOFHY WHU
UD]OLþQLKSRVWRSNRYL]GHODYH3RXVWUH]QLSULSUDYLY]RUFHYLQPHULOQHJDPHVWDVPR]D
YVDNRNRQILJXUDFLMRL]YHGOLNDOLEUDFLMRPRGHOVNLKSDUDPHWURYLQSULPHUMDOLSRJUHãHN
PHULWYHSUHG LQSRXSRUDELNRPSHQ]DFLMVNHJDSRVWRSND8JRWRYLOL VPRGD ODKNR V
SUHGODJDQLPDOJRULWPRPSULþDNXMHPR]PDQMãDQMHYSOLYDKLVWHUH]H]DGRSUYRWQH
YUHGQRVWL =QDWQR ]PDQMãDQMH SRJUHãND ODKNR SULþDNXMHPR WXGL QD VRURGQLK WLSDOLK
SRORåDMDQDSULQFLSWXQHOVNHPDJQHWRXSRUQRVWL
6 WHP VPR SRWUGLOL XVSHãQRVW DOJRULWPD ]D NRPSHQ]DFLMR KLVWHUH]H
PDJQHWRXSRURYQLK GDMDOQLNRY SRORåDMD NL WHPHOML QD SUHGVWDYOMHQHP PRGHOX
]DRVWDMDMRþLK GRPHQ 1DGDOMQML L]]LYL ERGR ]DJRWRYR ãH QDGJUDGQMD SRVWRSND ]D
PRUHELWQHWHPSHUDWXUQHYSOLYHDGDSWDFLMDSDUDPHWURYQDVSUHPHPEHYEUDOQLUD]GDOML
LQ WHVWLUDQMH]DQHVOMLYRVWL L]GHOND]YJUDMHQLPDOJRULWPRP0='3UDY WDNR WUHQXWQL
SUHGODJDQL SRVWRSHN ]DKWHYD NDOLEUDFLMR PRGHOVNLK SDUDPHWURY SR YJUDGQML LQ RE
XSRUDEL UHIHUHQþQHJD GDMDOQLND NDU YQDãD Y SURFHV LQWHJUDFLMH ]DKWHYQH GRGDWQH
NRUDNH2ESRWUGLWYL]DQHVOMLYRVWLLQSUHPRVWLWYLWHKRYLUSDELSRVWRSHNJRWRYRODKNR









3RVOHGLFH KLVWHUH]H QD PHULOQL SRJUHãHN GDMDOQLNRY SRORåDMD NL WHPHOMLMR QD
XSRUDEL WLSDOD QD DQL]RWURSQLPDJQHWRXSRURYQL SULQFLS VR QH]DGRVWQR RSUHGHOMHQH
3RWUHEQDMHXYHGEDHQRWQHJDSRVWRSND]DYUHGQRWHQMHPHULOQHJDSRJUHãNDNLREWHP
QDVWDMD6WHPERRPRJRþHQRQHSRVUHGQRSULPHUMDQMHSRVDPH]QLKGDMDOQLNRYSDWXGL









WUDNX ãXPD PHULWYH WHU YLãMLK KDUPRQVNLK NRPSRQHQW NL QHL]RJLEQR QDVWRSDMR Y
PHULWYLLQSULNRQYHQFLRQDOQLKQDþLQLKYUHGQRWHQMDKLVWHUH]HODKNRNYDUQRYSOLYDMRQD
UH]XOWDW
3RVWRSHN MH ELO XVSHãQR XSRUDEOMHQ SUL YHULILNDFLML LQ YDOLGDFLML DOJRULWPD ]D
NRPSHQ]DFLMRKLVWHUH]HVSRPRþMR0='
)L]LNDOQRPDWHPDWLþQR VPR YSOLY KLVWHUH]H QD PHULWHY SRMDVQLOL V SRPRþMR
6WRQHU:RKOIDUWKRYHJDPRGHOD NL VPRJD Y WD QDPHQSRVSORãLOL ]D YHþMR VNXSLQR
GRPHQNLLPDMRUD]OLþQHXVPHULWYHJOHGHQD]XQDQMHSROMHNDNRUVHWR]JRGLV$05
WLSDORP Y]GROå PDJQHWQH SHULRGH 0RGHO RPRJRþD WXGL SROMXEQR NRPELQDFLMR
 3ULVSHYNLN]QDQRVWL






=D SRWUHEH SURJUDPVNH NRPSHQ]DFLMH PHULOQH QDSDNH ]DUDGL KLVWHUH]H MH
NOMXþQHJDSRPHQD]PRåQRVWWRþQHJDSUHGYLGHYDQMDYSOLYDKLVWHUH]HQDPHULWHY.OMXE




ED]QLK IXQNFLM LPHQRYDQLK GRPHQH SR DQDORJLML ] PDJQHWQLP GRJDMDQMHP Y
PDWHULDOX=XVWUH]QRL]ELURPRGHOVNLKSDUDPHWURYRPRJRþDVLPXODFLMRGDMDOQLNRY]






5DYQR VOHGQML ODVWQRVWL PRGHOD ]DRVWDMDMRþLK GRPHQ WRUHM QL]ND UDþXQVND
]DKWHYQRVW LQ PRåQRVW UDþXQDQMD RG]LYD Y YJUDGQHP VLVWHPX Y UHDOQHP þDVX

















3UHGVWDYLOL VPR SRVWRSHN V SRPRþMR NDWHUHJD GRORþLPR SDUDPHWUH PRGHOD
]DRVWDMDMRþLKGRPHQQDSRGODJLPHULWYHRG]LYDGDMDOQLND WHU UHIHUHQþQHJDSRORåDMD
2SLVDQDMHVHNYHQFDJLEDQMDWHNRP]DMHPDPHULWYHREGHODYDUH]XOWDWRYWHUSUHUDþXQ
SDUDPHWURY L] DSURNVLPDFLMH L]PHUMHQH NULYXOMH ] OLQHDUQLPL RGVHNL 3UL WHP ODKNR
SROMXEQRL]ELUDPRVWRSQMRNRPSOHNVQRVWLPRGHODWRUHMãWHYLORYNOMXþHQLKGRPHQVNLK
ED]QLKIXQNFLMWHUSROMXEQRUD]SRUHGLWHYOLQHDUQLKRGVHNRYSULRG]LYX










>@ ' 'RPDMQNR DQG ' .ULåDM ³/DJJLQJGRPDLQ PRGHO IRU FRPSHQVDWLRQ RI
K\VWHUHVLVRI[05VHQVRUVLQSRVLWLRQLQJDSSOLFDWLRQV´6HQVRUV6ZLW]HUODQG
YROQRGRLV
>@ 5 'L[RQ ³$ PDUNHW SHUVSHFWLYH RQ WKH RSSRUWXQLWLHV IRU PDJQHWRUHVLVWLYH
WHFKQRORJ\´LQWK,QWHUQDWLRQDO6\PSRVLXP³0DJQHWRUHVLVWLYH6HQVRUVDQG
0DJQHWLF6\VWHPV´
>@ $ 6FKW]H DQG1+HOZLJ ³6HQVRUV   6PDUW 6HQVRUV DQG0HDVXUHPHQW
7HFKQRORJ\HQDEOH,QGXVWU\´LQWK6\PSRVLXP0DJQHWRUHVLVWLYH6HQVRUV
DQG0DJQHWLF6\VWHPV
>@ ³6HQVRU PDUNHW JURZV ZLWK IXQFWLRQDO VDIHW\ DQG HOHFWULILFDWLRQ  ,+6
7HFKQRORJ\´ >2QOLQH@ $YDLODEOH KWWSVWHFKQRORJ\LKVFRP
>$FFHVVHG-DQ@
>@ ) ;LH 5 :HLVV DQG 5 :HLJHO ³+\VWHUHVLV &RPSHQVDWLRQ %DVHG RQ
&RQWUROOHG &XUUHQW 3XOVHV IRU 0DJQHWRUHVLVWLYH 6HQVRUV´ ,((( 7UDQV ,QG
(OHFWURQ YRO  QR  SS ± 'HF  GRL
7,(
>@ 5/6URWDU\DQGOLQHDUPRWLRQVHVQVRUV³)UHTXHQWO\$VNHG4XHVWLRQV:KDWGR





JHQHUDWH KLJKUHVROXWLRQ TXDGUDWXUH SXOVHV IRU PDJQHWLF HQFRGHUV´ ,(((
7UDQV ,QG (OHFWURQ YRO  QR  SS ± $XJ  GRL
7,(
>@ ³/LQHDU HQFRGHUV _ ZZZUOVVL´ >2QOLQH@ $YDLODEOH
KWWSVZZZUOVVLHQOLQHDU>$FFHVVHG0D\@
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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3K\V5HY%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>@ : 7KRPVRQ ³2Q WKH (OHFWUR'\QDPLF 4XDOLWLHV RI 0HWDOV²(IIHFWV RI
0DJQHWL]DWLRQRQWKH(OHFWULF&RQGXFWLYLW\RI1LFNHODQGRI,URQ´3URF56RF
/RQGRQYRO65&*SS±GRL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65&SS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>@ - 6PLW ³0DJQHWRUHVLVWDQFH RI IHUURPDJQHWLF PHWDOV DQG DOOR\V DW ORZ
WHPSHUDWXUH´3K\VYRO65&SS±
>@ :)'RUOHLMQ ³(OHFWULFDO FRQGXFWLRQ LQ IHUURPDJQHWLFPHWDOV´3KLOLSV5HV
5HSYRO65&SS±
>@ 6 7XPDQVNL ³7KLQ )LOPPDJQHWRUHVLVWLYH VHQVRUV´ ,R3 6HU VHQVRUV &5&
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